Laboratory studies showed that the soybean phytoalexin glyceollin, an isoflavonoid previously investigated as an inhibitor of fungal pathogens, is an effective antifeedant for some insect species. Glyceollins extracted from soybean, Glycine max Merrill, cotyledons were applied to the surface of common bean leaves, Phaseolus vulgaris L., in five concentrations, including physiological concentration, for feeding preference tests. Leaves treated with glyceollin at concentrations below physiological levels were less acceptable to the southern corn root worm, Diabrotica undecimpunctata howardi Barber, and the Mexican bean beetle, Epilachna varivestis Mulsant, than untreated leaves. Feeding deterrence was positively correlated with increasing concentrations. The bean leaf beetle, Cerotoma trifurcata Forster, was not affected even by very high doses. An ethological concentration (EC ••) was computed based on the log dose-reduction of acceptance of treated disks. The EC •• for the Mexican bean beetle was 6.1~g/mg leaf dry weight and 3.5~g/mg for the southern corn rootworm. Results indicate that soybean phytoalexins may represent a common defense against microorganisms and insect herbivores.
RESISTANCEIN SOYBEAN, Glycine max Merrill, to leaf-feeding insects and to disease is well documented and varies widely among genotypes (Van Duyn et al. 1971 , Ward et al. 1979 . The biochemical mechanisms accounting for insect resistance in soybean are multifaceted and probably involve leaf volatiles (Liu et al. 1988) , variations in nutrient concentrations, feeding excitants or deterrents, and antibiotics (Kogan 1986) . Two distinct modalities of insect resistance in soybean have been identified: constitutive (preformed) (Kogan 1972 ) and inducible (produced only after the plant is challenged) (Hardin 1979 , Hart et al. 1983 , Chiang et al. 1986a .
Phenolic compounds, present in soybean, may have a role in deterrence to insect feeding in both categories of resistance (Hardin 1979 , Caballero et al. 1986 , Chiang et al. 1986a , Fischer et al. 1990 ). Several simple phenolic acids are present constitutively in higher concentrations in the insect-resistant soybean genotype PI 227687 than in the insect-susceptible cultivar 'Forrest.' These concentrations increase when plants are damaged by insects (Hardin 1979) . Some of these compounds are precursors to isoflavonoids (cinnamic and p-coumaric acids), a few of which (e.g., vestitol, hildecarpin, coumestrol, and afrormosin) have been 1 Office of Agricultural Entomology, College of Agriculture, Universityof Illinois,and Sectionof EconomicEntomolo~y,Illinois Natural HistorySurvey,172N.R.B.,607E. Peabody Drive,Champaign, Ill. 61820.
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identified as constitutive insect antifeedants in cultivated legumes (Russell et al. 1978 , Caballero et al. 1986 , Chiang et al. 1986b , Khan et al. 1986 , Lwande et al. 1986 . Only one inducible isoflavonoid (vestitol) with antibiotic activity has been shown to be an insect antifeedant as well (Russell et al. 1978) . But inducible phytoalexins, particularly glyceollins, have been implicated in soybean resistance to the fungal pathogen Phytophthora megasperma f. sp. glycinea in soybean (Paxton 1983) . have suggested that the soybean phytoalexin response, which can be initiated by several biotic and abiotic stresses or elicitors, may have evolved as a single, energyconserving chemical defense active against microorganisms and insects. Hart et al. (1983) demonstrated that soybean cotyledons, when induced to form phytoalexins, became less acceptable to Mexican bean beetle larvae and adults, in dual-choice feeding preference tests. In their studies, however, components such as simple phenolic acids, anthocyanins, or isoflavonoids, that change concentration in the tissue after induction, were not tested individually. Chiang et al. (1986b) reported that consumption of approximately 30% of a trifoliolate leaflet of PI 227687 resulted in increased antifeedants in leaves throughout the plants. They concluded that the chemicals that are responsible are apparently phenylpropanoids (Chiang et al. 1986b) . This inducible resistance is correlated with increased L-phenylalanine ammonialyase and L-tyrosine ammoni- alyase enzyme activities (Chiang et al. 1986b) indicating that resistance may be due to phenolicbased compounds. Subsequently, Fischer et al. (1990) found that several of the simple phenolic acids are strong feeding deterrents for the Mexican bean beetle. This finding, together with the evidence from Hardin (1979) that phenolic acid levels are elevated after insect feeding takes place, raises the possibility that phenolic acids are inducible resistance factors.
In a series of experiments, we tested the hypothesis that glyceollins may act as feeding deterrents to certain soybean-associated arthropods. We determined the dose-related deterrent effects of glyceollin on feeding behavior of three leaf-eating Coleoptera that consume soybean leaves: the coccinellid Mexican bean beetle, Epilachna varivestis Mulsant, and the chrysomelids bean leaf beetle, Cerotoma trifurcata (Forster), and southern corn rootworm, Diabrotica undecimpunctata howardi Barber.
Materials and Methods
Glyceollin Production. Glyceollins for this investigation were obtained from the cotyledons of 5-d-old 'Williams' soybean seedlings grown in flats of quartz sand in a greenhouse. The seedlings were harvested, and cotyledons were removed in the laboratory. A small area of the abaxial surface was excised with a scalpel, and several drops of an autoclaved extract of cultured cells of Phytophthora megasperma f. sp. glycinea were applied. The cotyledons were incubated for 48 h and then dried in an oven at 50°C for 12 h.
Glyceollin was extracted for 8 h by covering the Purified glyceollins were dissolved in reagent grade acetone and applied to the leaf surface using an aerosol chromatography sprayer and a motorized turntable as described by Fischer et al. (1990) . Leaves were treated immediately after excision.
Five concentrations of glyceollin were tested; 0.22, 1.1, 2.2, 11.0, and 22.0~g/mg dry weight of leaf tissue.
Treated leaf tissue was subjected to feeding pref-. erence tests performed in arenas constructed from glass Petri dishes (18.0 cm diameter) filled to a depth of 1 cm with hardened plaster of paris, saturated with tap water, and covered with filter paper. For each glyceollin concentration, three treated disks and three acetone-sprayed control disks were arranged alternately in a circular pattern in the arena.
Mexican bean beetles and southern corn rootworms were obtained from laboratory colonies at the Illinois Natural History Survey, Champaign, III. Mexican bean beetle adults and larvae were reared on common bean leaves. Southern corn rootworm larvae were reared on corn roots. Adults were fed a dry, pollen based diet and both colonies were maintained in a greenhouse. Bean leaf beetles were collected from alfalfa plants during the month of August and maintained on greenhouse-grown common bean leaves until testing. For each test, four adult beetles of one species were placed in the arena and allowed to eat until approximately half of the leaf material was consumed (usually within 6-8 h). Test arenas were kept in the dark in a rearing chamber at 27 ± 2°C and relative humidity near saturation within the arenas. Beetles were starved for approximately 12 h before testing and used in no more than three tests on consecutive days. At the end of each test, all disks were removed and measured with a leaf area meter (Model 3000, LI-COR, Lincoln, Nebr.) to determine leaf area eaten from each disk. The test was replicated eight times (in the same day) for each concentration and the same five dosage levels were tested for each species.
A preference index (PI) was calculated for each paired comparison according to the formula: PI = 2T I(T+C); T = area eaten from the treated disks and C = area eaten from the untreated control disks. Values in this preference test range from 0.0 to 2.0 with 0.0 indicating absolute preference for the control disks, 1.0 indicating no preference, and 2.0 indicating absolute preference for the treated disks (Fig. 1) . The PI values for each test were used to compute the concentration of glyceollin that produced a behavioral response resulting in a 50% reduction in acceptance of the bean leaf disks (ethological concentration or EC so ).
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Results and Discussion
The range of glyceollin concentrations tested in these experiments was centered around the normal physiological concentration of these compounds in induced soybean leaves. Pathogen infection (Phytophthora megasperma f. sp. glycinea), as well as abiotic elicitors, such as silver nitrate, cause accumulation of 1-5 J.Lg glyceollin/mg dry wt in soybean tissue (Stossel 1982 , Classen & Ward 1985 , Long et al. 1985 . The highest glyceollin concentration we used was approximately four times the maximum found in induced soybean tissue, and the lowest concentration was five times lower than the lowest commonly achieved by induction with the pathogens.
Our results confirmed that glyceollin has a deterrent effect on feeding by two of the phytophagous Coleoptera (Table 1 ). The combined results of 120 preference tests (40 per species) for these three insects are given in Fig. 1 . Mexican bean beetles and southern corn rootworms were deterred from feeding by the application of glyceollin at concentrations normally induced by pathogens and abiotic elicitors. Bean leaf beetles did not appear to be deterred from feeding by these levels of glyceollin.
An ECso was calculated as a measure of the behavioral effect of glyceollin on Mexican bean beetles and southern corn rootworms (see Fig. 2 ). For our purposes ECso is defined as the concentration resulting in a preference index (PI) of 0.5 (50% reduction in acceptance of treated leaf disks). Log of dosage was plotted against percent response to a treatment to obtain the ECso (percent response = 1.0 -PI x 100). The ECso is 3.5 f.Lg/mg for the southern corn rootworm and 6.1 f.Lg/mg for the Mexican bean beetle. It was not possible to calculate an ECso for the bean leaf beetle because the highest doses used (above physiological levels) never reached the 50% deterrency level. None of the insects was significantly deterred by the lowest dose, 0.22 J.Lg/mg,which is about one-tenth of the normal concentration in induced tissue. Even though the ECso was above the minimal physiological levels for Mexican bean beetle and southern corn rootworm, all doses above the minimum dose significantly deterred feeding by these species; thus, the threshold of response is well below physiological concen tra tions.
The southern corn rootworm is considered a polyphagous species and has numerous recorded hosts across many taxa, including legumes (soybean and peanut, Arachis hypogoea L.). However, adults, though present in soybean fields and observed feeding on leaves, consume only small amounts and are not considered pests of soybean. Agricultural practice in Illinois assures that there is constant contact with soybean providing the opportunity for the southern corn root worm to use the plant as a regular host. Large populations of the southern corn root worm develop on corn and squash, and both crops are inevitably planted close to soybean. Our results suggest that glyceollin may have a role in the mechanisms that limit the acceptance of soybean leaves by the corn rootworm.
The Mexican bean beetle is able to survive on soybean and even become a pest in several soybean-1282 ENVIRONMENTAL ENTOMOLOGY Vol. 19, no. 5 growing regions of the United States (Kogan & Turnipseed 1987) . Soybean, however, is a marginal host for the Mexican bean beetle (Kogan 1972) , and many varieties of soybean are unsuitable for supporting its development undoubtedly because of chemical defenses. The Mexican bean beetle is closely adapted to Phaseolus spp. in its native central Mexico and is restricted to this narrow host range (Thomas 1924 , Gordon 1975 . Thus there is a likelihood that an inducible soybean defensive chemistry is active against the Mexican bean beetle.
The bean leaf beetle, a species native to the United States, is better adapted to soybean and feeding is much less deterred by resistant soybean varieties than is the Mexican bean beetle, suggesting a tolerance for resistance factors in soybean. The native hosts of the bean leaf beetle are believed to be members of the genus Desmodium and several other legume species. Thus, the bean leaf beetle is more polyphagous within the Leguminoseae than the Mexican bean beetle. Therefore, the bean leaf beetle may have been preadapted to soybean defenses, whereas the Mexican bean beetle was not.
H is clear that the phytoalexin glyceollin, heretofore known as an inducible pathogen resistance factor, can deter feeding on soybean by some insects.
